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The NA62 Experiment

A NAG62: High precision fixadrget Kaon experiment at CERN SPS
A Main goal: measurement of BR(© A 2z2z)
A Broader physics program: LFV / LNV fdecays, hidden sector particles searches.

a NAG62 Timeline R
A 2008: NA62 Approval
A 2014: NA62 Pilot Run (partial layout)
A 2015: Commissioning run
A Full detector installation completed in September 201
A2016 u watasets 016
A Continuous dattaking until the end of 2018

~ \A datataking will be resumed in 2021 with improvemgis

6

~ 200 participants fromBirmingham, Bratislava, Bristol, Bucharest, CERINng GMUFairfax,

Pisa, Pragudlrotving Roma I, Roma Il, San Luis Potosi, Torino, TRIUMF, Vancouver UBC

Ferrara, Firenze, Frascati, Glasgow, Lancaster, Liverpool, Louvain, Mainz, Moscow, Napoli, Perugia,
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The+ © A z decay

A High sensitivity toN\ew Physics
A FCN(@rocess forbidden at tree level
A HighlyCKM suppresseBR ~ |VxVy4| 2

A Very clean theoreticallyshort distance contribution
A hadronic matrix element extracted from precisely measuredtBR{ A A 2)
A SMpredictions
BR¢ © A 2z)=(9.3£0.8)x 10
BR¢ O A 2zz)=(3.7+0.7)x 10U
A PreviousExperimentaResult
BR¢E © A 22)c7g7p0u5 @ B g) X 1011 [physRevD 77, 052003 (2008), PhiRev D 79, 092004 (2009)]
BR O A 22)g391,< 2.6% 108(90% C.L) [PhysRevD 81, 072004 (2010)]
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+ O A %z and New Physics

Measurement of chargedr( © A 2zz)and neutral{ © A 2zz) modes can
discriminate among different NP scenarios

~ 20 : : :
= Buras, Bufjazzo, Knegjgfis | A Models with CKMike flavor structure (Models with MFV)
X JHERA1511 [Buras, Buttazzo,Knegjens, JHEP11(2015)16¢
T MFV : ' A Custodial Randaundrum
‘:k- 15 . [Blanke, Buras, Duling, Gemmler, Gori, JHEP 0903 (2009) 1(
0 A Simplified Z, Z' models
Mﬁ [Buras, Buttazzo,Knegjens, JHEP11(2015)16¢
= A Littlest Higgs with parity
M 1ol [Blanke, Buras, Recksiegel, Eur.Phys.J. C76 (2016) 1.
A LFU violatiormodels
[Isidoriet al.,Eur Phys. J. C (2017) 77: 618]
_ A Leptoquarks
ol A; or Ay only: | Ww{® CFEF2FSNE bd Y2O0YAlZ [P =
l 738 ‘ e N7 oc Im A} ) / M, A MSSM analyses o
=— < —— [Blazek, Matak, Int.J.Mod.Phys. A29 (2014) no.27],[Isidori et al. JHEP 0608 (2006)
BP \Gencral NP o 2 *i;;l{xmf’l
olt .
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E787/E949

A; or Ay only:
NP 2
|EK| x Im A%(R) / Mz(r)

A Leptoquarks

I
I_
I

I

| O{® CIL2FSNE bod Y2O0yA|S [ =
I

A MSSM analyses
[Blazek, Matak, Int.J.Mod.Phys. A29 (2014) no.27],[Isidori et al. JHEP 0608 (2006)

2
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0 5 10 15 20 25 30
BR(K" — #*vv) x 1011

|
\Genera,l NP A +Ar | XAT ]
. |

11/06/2021 JACOPO PINZINO 5




+ O A %z and New Physics

Measurement of charged-( © A 2zz) and neutral{ © A 2zz) modes can
discriminate among different NP scenarios

~ 20

= A Models with CKMike flavor structure (Models with MFV)

X Preliminary [Buras, Buttazzo,Knegjens, JHEP11(2015)16¢
T wevk A Custodial Randaundrum

C’R [Blanke, Buras, Duling, Gemmler, Gori, JHEP 0903 (2009) 1(
0 A Simplified Z, Z' models

b; [Buras, Buttazzo,Knegjens, JHEP11(2015)16¢
= A Littlest Higgs with parity |

om [Blanke, Buras, Recksiegel, Eur.Phys.J. C76 (2016) 1.

A LFU violatioomodels
[Isidoriet al.,Eur Phys. J. C (2017) 77: 618]

E787/E949

A; or Ay only:
NP 2
|EK| x Im A%(R) / Mz(r)

A Leptoquarks

I
I_
I

I

| O{® CIL2FSNE bod Y2O0yA|S [ =
I

A MSSM analyses
[Blazek, Matak, Int.J.Mod.Phys. A29 (2014) no.27],[Isidori et al. JHEP 0608 (2006)

eneral NP o

2
M z{i}

0 5 10 15 20 25 30
BR(K" — #*vv) x 1011

|
AL +Ag | x|AT| |
|

11/06/2021 JACOPO PINZINO 6




+ O A z and the LFU violation

The Measurement of © A zztogether with" © +° 2zzcancanprobe
the LeptonFlavour Universality

A An interactions responsible for LFU violations can 40
couple mainly to the third generation of left
handed fermions; T

A + O A zis the only kaon decays with third 2
ISYSNY A2y fSLIW2ya O60KS |
state; !

10 x BR(R'

A A deviations from the Standard Model
predictions it © A z branching ratios should
be closely correlated to similar effects"ir

0 ° 22. ol

10

10 x BR(K* — ntvi)
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NA62 La.yOUt Secondary positive Beam:

A 75 GeV/c momentum Dipole spectrometer

SPS Beam: A 1 % bite 106nraddivergence (RMS) | 4 strawtracker stations
ﬁ 400 GeZV/ ¢ protong A 60x30 mmz2 transverse size | \;etc_)
\ 3.5s spill A 33x101pppon T10 (750 MHz at GTK3) l
2 ] STRAW CHOD
] Beam tracking r veto | LAV MUV],2
] Si pixels, 3 stations [ ' Iron
B RERRE a (RICHI N Muv3
Target KTAG GTK SAC
o _ ]

0 ——l-aamae CHANTH— Vacuum ; m— i P
’ Differential Cerenkov t ‘ -‘ | [ c

1— for K" ID in the beam l l l l l_\ l l I RICH HAS

Decay Region: Charged vetd Dum
. A 60 m long fiducial region Deca L= IRC P
2 A ~5MHz Kdecay rate =~ <—— |;{e(_;]i03r/1 — t/AID LKr
A Vacuum ~ O(1€) mbar 1 atm Ne ¢ veto
(L .
| T ' T T I . | T I T T 1 | . : : : . | -
0 100 150 200 250 2t
m
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Analysis Strategy

Key analysis requirementp.

A > 10 Muon suppression
A > 100 (from K h* ** %) suppression
A Signal and background control regions are kept
blind throughout the analysis
A 7 categories (hardware configurations and momentum
004 -002 0 002 004 006 008 I?f; | '[GEJ%] A use of MVA for particle identification and upstream
i background rejection

A New Decay in flight technique A 2 signal regions imy, ;.

A Signall beam track, 1 charged track, nothing else . A 15<Pq+ <45 GeVic

A BackgroundK* decay modes beam act|V|tyP N b A 60 m long decay region

A Kinematicsm2,;, = (Pg+ — Pp+)? TR _ —

\ Experimental principles:

e P" 1. Precise kinematic reconstruction
Bl E K> 10(y) 2. PID: K upstreant) ‘ / “ downstream
| 310 - 3. Hermetiq' detection

_ ———] 4. Subns timing
102 =
= Region Keystone:
10° e A O (100 ps) Timing between sditectors
o i_ A O (1@) background suppression from kinematics

g
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Signal Selection

K* decay events in the fiducial decay region - Aselection:
o [ ? : A K*Decay Event
N f s Bigasine 2 A Fiducial Decay Region
S [ 4 O 0 JAtENIAGES L5Y -
T 01— A Photon rejection
w, oL D A Multiple charged particle rejection
4m? . - : . . . . . .
B R . 3 A Kinematic Selection of the Signal Regions
i =10
0.05 K'—n'n’ 5
m 7 Performance:
A 000 e g A x v Kinematic background suppression
i = A xwmn Muon suppression
. . ' - A xwmn  ~Ofrom KT * 9 suppression
I A O(100 ps) timing between sub-detectors
-0.05
I Process Branching ratio
- 8% - _ ‘ : ) K+t - ntn®(y) 0.2067
= - 'Z %o % femam _' % v o TR L T S '_ .'._ _,-_- g
e ' SO T AYBC T Kt - 0.6356
054020 30 40" 50 60 70 80 90 100 | v ()
p_. [GeV/c] Kt - nttntn™ 0.0558
Kt > ttn~etv 425-107°
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Background from Kaon Decay Estimation

Data in m*n’ region after mvv

ControlK*TH *+ Odata used to study selection (including n’rejection)

the tails of the n¥ distribution
:; 10 E_ —+— Data
E 105 L — :Z E::ﬂo [Nﬁfrp (T'cag?lon)] :[N (7r+7r0)] o[fm-n (fregleon)]
g 10° Z_ B Mc k' uncertainty 1 1
§ : Region 1 Region 2
U S Expected K*—m*n° in Fraction of 77 in
E 10° signal regions after signal region
- the vy selection measured on control
10° £ data
10 £ " | e
(L t HT A The same procgdurg IS usgd deI'H§_>+Aanq K* I'b.+ -
e A Kfh™* -e*A estimation entirely using/C simulations
002 0 002 0.04 006 0.08 0.1 normalized to the S.E.S.
m, . [GeV/c™]

SES=(1.11E0.07)N -4 Q
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Upstream background

10*

A Pionsproducedupstream the fiducial volume
o Early Kdecay
0 Interaction of beam particlewith the beam
spectrometer material
A Pionscan beassociated to an accidental particé
the beam line
A Dangerous if coupled withion scattering in the first
spectrometer chamber
A Kaonpion associatiomnd geometrical cuts effective

Last beam line dipole
3
500 — 10

Ycollimator [mm]

10°

10

Collinator - A Thegeometrical origirof those events allow to define
~500 107 samples fobackgrounds validation
A Data driven background estimation
| \ | _
500 0 500 10
Xcol]imamr [mm]
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Expected events

Process Expected events in R1+R2 (2018 data)
K*Y “*$i[[SM) 7.5810.4Q, £0.73,,

Total Background vg Y 8

KYY A*A9(r) 0.75+ 0.04

KHY t*u(r) 0.49+ 0.05

K'Y ATA" €4, 0.50+ 0.11

K+\:( AAYA 0.24+ 0.08

KY ATr o <(0,01

K*Y A0ty <0,001
UpstreanmBackground 0% 8

Background expectations validated in control regions using a bjmdcedure
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Control regions: main decays

i 0.1 B b Loy i )
N B :,-f.%'*}i"?f ; "E‘»E« “"’”“ff -+ -control
v 0.08 — wr / region
) B (1.4?50.4}—"
£0.06 - //
= -
0.04 —
~+ Ocontrol N
region m\\;}ﬁ L f‘hs,n.»w TR T .‘*. F ::ti‘—(lﬁ'gﬂ'”
B (?.zia.y} . - .
oF /////////////_ e i
R , >*Acortrol
—-0.02 — 1o — T R region
| 12421) TP
_0.04_ |||||||||'|||||||1||||‘||'||i|‘||

1S 20 25 30 35 40 45
7t momentum [GeV/c]
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Data

0.12
SM K" >ntvw

0.1
0.08
0.06
0.04
0.02

A tordy S et 0/ ifr S

—-0.02
-0.04

II‘\II‘II\ ]
&

15 20 25 30 35 40 45
7t momentum [GeV/c]

5.3 background + 7.6 SM sigeaknts expected] 7 eventsobserved

1 eventobservedwith 2016data [Phys. Lett. B 791 (2019) 1566]
2 eventsobservedwith 2017data [J. HigrEnerg Phys. 2020, 42
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a sighal and background in the 2018 data

LYOGS3aANF¥IOSR 20SNJ 0KS FdzAtf b Y2YSylildz
—e— Data  K'-r*ny ’

o K'sn*vw (SM) I K'sn*n*n

I K Sutv(y) K*->n*ne*v
I K*>ptv, u*— et [] Upstream

Entries / (0.005 GeV#/c?)

—0.02 0 0.02 0.04 0.06 0.08 0.1
m2. [GeV?/c*]
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+ 0 A %I yHgstorical context

NA62 Run1(2016 + 2017 + 2018) result:
Br(Kr© “*1fJ= (p B Jqat 0.9, 3 (P4 significance)

[arXiv:2103.15389 [hepx]](accepted by JHEP)
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